; and most significantly Professor Albert Wertheimer, PhD, who had a seemingly endless store of inspiration and encouragement.
POLICY
Misuse of antibiotics is also common. 12 In many countries antibiotics are readily accessible without a prescription. 13 Compound this with the fact that many patients seek antibiotics for non-bacterial infections, unaware antibiotics will not treat a viral infection such as a cold or flu. 14 Inappropriate antibiotic use extends beyond humans. Antibiotics are used, among other reasons, to promote growth in livestock in the United States and abroad. 15 Such use has been banned in the European Union. 16 However, even when used under the supervision of a veterinarian, there may be unintended residual consequences, and subsequent transmission of antibiotics to the consumer. 17 Furthermore, there are not enough antibiotics to keep up with the growing bacterial resistance. Antibiotic Research and Development (R&D) is challenging. 10, 18 Despite this, new classes of antibiotics are needed, and the current antibiotic pipeline is "thin." 18, 19 Over the past eight decades, since the inception of antibiotics, there has not been sufficient antibiotic advancement to support our cavalier attitude toward infectious disease (table 1) . Perhaps in response to the current antibiotic need, the field of antibiotic research, development, regulations, and policy-making is an exciting, interdisciplinary, charming, solution-focused, and widely innovative space. 19, 20 Recently there has been collaboration to find solutions to the combined lack of innovation and increasing threats due to antimicrobial resistance. Due to the work of many skilled and passionate leaders in the antimicrobial resistance specialty, there has been substantial progress made through international dialogue. Bacterial diagnostics have seen recent attention, and are the focus of the 2014 Longitudinal Prize. 21 Antimicrobial Stewardship is flourishing, and has seen an encouraging push from the Executive The United States federal government has recognized the threat of antimicrobial resistance (table 2) , and has responded in various ways. (EMA), the European Union's version of the FDA, has also contributed substantially to the efforts aimed to curb antibiotic resistance. 26 Everywhere from Mexico to Scotland seems to recognize the growing need for intervention. 27, 28, 29 Additionally, a number of highly qualified and innovative groups, including international and public-private partnerships that unite academia, government, and industry, have come together over the issues of antibiotic resistance. The Wellcome Trust and the Bill and Melinda Gates Foundation have been major contributors in the effort to fund antibiotics research and development. 30 New
Drugs for Bad Bugs (ND4BB) has been developed under the auspice of the Innovative Medicines Initiative (IMI), based in Europe. The Antibacterial Resistance Leadership Group (ARLG) has recently formed, and is providing grants to contribute to antibiotic development at smaller institutions. 31 There is also the Interscience Conference on Antimicrobial Agents and Chemotherapy (ICAAC)
and The Infectious Diseases Society of America (IDSA), which pay substantial attention to antibiotic resistance, and have united thought leaders across international borders. The Alliance for the Prudent Use of Antibiotics (APUA) is based in Boston, MA, at Tufts University, and boasts international efforts and a comprehensive newsletter. 32 There is also the International Society for Chemotherapy, Infection, and Cancer (ISC), which has several journals and workgroups that address the challenges of antibiotic resistance. Additionally, The World Health Organization (WHO) has developed surveillance software to monitor international resistance patterns. 33 Worth noting is the substantial investment made by some leadership and scientists within the pharmaceutical industry, when many chose to pull their research and development teams out of the antibiotics game. Astra Zeneca, Cubist, GlaxoSmithKline, F. Hoffman-la Roche, The Medicines Company, Astellas, and Pfizer have been involved in antibiotic development despite the challenges described henceforth. 34 Interestingly, Merck made a recent decision to acquire the pharmaceutical company Cubist, known mostly for its antibiotic Cubicin, for $8.4 billion. 35 It is possible Merck's decision will be rewarded, considering Cubist's very recent approval, on December 22, 2014, of combination drug Zerbaxa, to treat urinary tract and abdominal infections.
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Summary
Although it is clear that many efforts have been made to preserve the effectiveness of current antibiotics, and foster more antibiotic research and development, the challenge remains to create a financial solution. What remains to be seen is a new economic model that would ensure antibiotics research, development, and availability. 
INNOVATIONS in pharmacy POLICY
reinvestment in R&D for antibiotics and advocating their responsible use) held its inaugural meeting in Geneva, Switzerland in October 2014. DRIVE-AB is an international group creating and testing new economic models that would enable self-sustaining antibiotic research. One can hope that an answer to self-sustaining antibiotics research will surface through the work of these thought leaders. The following proposal may be worth their consideration, as it lays the foundation for an unconventional economic model that would enable self-sustaining antibiotic research through a Central Body, a synthesized payer/financier/surveillance entity. 37 This model has been inspired, in part, by the revitalized framework developed by the global agricultural research partnership, CGIAR.
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Recommendations
The Central Body
Create a single, "Central Body," devoted to antibiotic resistance. This will allow overhead expenses to be reduced, so that both scientific and economic resources can be streamlined. Within this paper alone, at least five separate groups devoted to antibiotic resistance have been mentioned. While current efforts are admirable, and must continue, within one Central Body it will be possible to streamline intellectual efforts, and avoid the unknown simultaneous duplication of important work, making the best use of limited resources.
Create a single, "Central Fund," much like CGIAR has done. 38 It will become important to easily document the flow of funds, and reduce the duplication of costs encountered by running multiple, not fully synchronous antibiotic resistance entities. 30 It should be possible for anybody interested in donating money, or doing "a walk to benefit antibiotic resistance," to donate to antibiotic research. One should be able to donate money as easily to antibiotic research as they would cancer research. This would necessitate that this Central Body be a non-profit entity, attaining 501(c)(3) status. A model proposing a non-profit industry entity has been suggested. 39 However, it should not be necessary to restructure the current drug development body within the pharmaceutical industry. The pharmaceutical industry, is already so good at developing drugs, what needs to be done is to fund the work from a separate entity, the Central Body, while incentivizing the pharmaceutical industry--allowing them to profit on the product they create. The Central Body could always negotiate a percentage of the profits if it would like.
The Central Body should have a Public Relations (PR) department that can give a face to antibiotic resistance. That is, to "brand" antibiotic resistance. The goal of this would be to educate the general public about the serious nature of antibiotic resistance, and that a world without effective antibiotics is inevitable without intervention. It is important to bring a sense of value and appreciation to antibiotics. Without a profound shift in the current paradigm, antibiotics will continue to be taken for granted--and no one will want to pay what they are worth until it is too late to pay any amount for them.
International government involvement will be necessary, as mentioned in the PCAST Report to the President on Combating Antibiotic Resistance. 23 As far as the entities that pay for antibiotics, there are two models that seem possible in the United States.
The following managed care/insurance models could be applied to the federal governments in nations whose federal governments pay for pharmaceuticals.
The first Managed Care Model would be to incorporate a single Pharmacy Benefit Manager (PBM) within the Central Body. This single PBM (a pharmacy benefit expert contracted on behalf of the Managed Care Organizations (MCOs), or insurance companies) would handle the antibiotic coverage of the entire population of the United States. This PBM could determine formulary management and protocols that fit regional resistance patterns, or let local antimicrobial stewardship entities determine proper pharmaceutical use. Such local to global considerations would be possible if everyone is linked via the Central Body. This could potentially be a way to look at antimicrobial stewardship from an epidemiological level. The data collected from this central PBM could be as robust as the Central Body would realistically like it to be, including diagnostic/morphologic/genetic data, if they would like to link diagnostics to billing codes. A lot of valuable resistance and prescribing data could be documented in a central database, and interpreted. This would be an answer to the PCAST request for effective surveillance and response. 23 A second Managed Care Model would be to keep the current PBM/MCO structure intact, but appeal to them that the importance of paying more for antibiotics than the PBM/MCO may be used to is imperative. A good pharmacoeconomic evaluation of the new and different pharmaceuticals would be paramount. As much as the direct costs of antibiotic resistance is a public or federal concern, it should be of great concern to the MCOs who are paying for the medical complications due to antimicrobial resistance. Traditionally these two benefits, pharmacy vs. medical, have been siloed from one another, or viewed as separate entities. The pharmacy side POLICY tries to keep their costs down without regard to the medical costs, and vice versa. Recently the "silo" paradigm has shifted. The pharmacy and medical benefit are merging, especially in regards to the rising cost of specialty pharmaceuticals. 40 Today, PBMs, including government plans, are paying for very expensive medicines, such as Sovaldi for Hepatitis C, because it is often curative, staving off more expensive procedures (i.e. liver transplants) and deleterious side effects of other treatment options. 41 Gilead, the makers of Sovaldi, have seen $8.55 billion in sales within the first nine months of its launch. 42 Sales such as those seen with Sovaldi make an important statement regarding the willingness of MCOs to pay more than they have traditionally for hard-to-treatinfections. To extrapolate to the antibiotic arena, it seems reasonable that PBMs would pay more for effective antibiotics, in the face of resistance, in order to avoid a week long hospital admission to treat a complicated Urinary Tract Infection (cUTI), or longer when the untreatable UTI causes the patient to become septic.
It is a fantastic climate to engage PBMs and MCOs in discussions about the possibility of paying more for future antibiotic prospects, and to possibly start negotiating payment contracts. It would behoove the pharmaceutical industry to hire pharmacoeconomists to appeal to these MCO entities to explain that although an antibiotic looks expensive, it will save money on the medical side. It would behoove the PBM and MCO, on the other hand, to have a specific antibiotic benefit management individual, or department. This entity should also be part of the antibiotic resistance discussion, and part of the Central Body. This conversation must be had on all sides.
The preceding applies directly to the outpatient setting. There are logistical benefit/reimbursement hurdles in the inpatient setting. Ultimately, however, these pharmaceuticals used in the inpatient setting will need to be paid for by either the PBM or MCO, depending on if they fall under the pharmacy or medical benefit, respectively. The biggest MCO happens to be The Centers for Medicare and Medicaid Services (CMS), a federal entity. The negotiations concerning the value-based reimbursement of novel antibiotics could be linked to appropriate antimicrobial stewardship practices, as many other CMS reimbursements are tied to performance indicators. It would be possible to negotiate a contracted price for these drugs so that hospitals could be incentivized, via reimbursement contracts, to have these inevitably expensive, novel drugs, to combat antibiotic resistance on their hospital formulary. This would help to avoid the seemingly inevitable market failure of better, necessarily more expensive antibiotics.
Each hospital should be engaged in antimicrobial stewardship at the local level. If these new pharmaceuticals are effective and are needed, and if the infectious disease representatives from the hospital are part of this Central Body, the adoption onto formulary of these novel drugs seems promising. It only makes sense to pay a little more up front to avoid very expensive hospital stays, instead of posing the additional risks of developing a hospital acquired bacterial pneumonia, or ventilator acquired bacterial pneumonia (HABP/VABP), that we may or may not be able to treat. Additionally, it would behoove medicare to cover home infusion, allowing our older populations in nursing homes to be covered for intravenous antibiotics without the need to be admitted to the hospital, where they are prone to subsequent infection and falls.
Create contracts through the Central Body to find and develop needed antibiotics, and let the private sector bid on them. 37 The
Central Body could accept the offer it sees most suitable, and could provide a lump-sum dispersement, or installment payments, to the private sector. This would give the private sector reliable, predictable payments, and would incentivize antibiotic R&D. As would happen when a new building or mall must be built, the main contractor within the private sector could draft scientists or entities, such as academic institutions capable of performing pre-clinical or phase-I trials, within the Central Body. This would all be possible if the best minds in antibiotic drug R&D were organized within one central organization, such as the Central Body.
POLICY
invest in antibiotic R&D. When the hospital formulary committees agree to put better antimicrobial options on their formularies, because better outcomes result in shorter hospital stays (possibly even limiting a hospital stay to the Emergency Department), it will help incentivize the pharmaceutical industry to invest in antibiotic R&D. When the pharmaceutical industry does not have to lose money, and can potentially see returns on their investment, they will invest in antibiotic R&D. If this can happen, it will not be necessary to place our hope of cure in the fresh air, as was done before the advent of antibiotics.
